(plant cane ridges) and Figure 3 (ratoon cane ridges)" Physical properties and mechanical properties (cone penetration resistance, plate penetration resistance, shear resistance, etc.) of the soil were also measured.
Furthermore, three point hitch specification and general dimension of the tractors used for pulling the ridger were identified and measured.
Drainage channel produced by a rotary ditcher at the planting area was identified and measured as presented in Figure 3 . This ditch dimension was preferred to be produced Figure 4^ Cross section of a ditch produced by a rotary ditcher.
Conceptual design
There were two main processes that should be performed by the ditcher: 1) cutting-across the ridge and throw the soil to the right and left side of the ditcher in making the drainage channel across the planting ridges, 2) scraping the dug up soil in between the planting ridges and put it on the top of the ridges.
There were several concepts for performing these processes and making the preferred ditch, and following is the best concept selected on evaluation process.
For the first process, a conventional furrower design as introduced by several authors [4, 5] as shown in Figure 5 (a) is selected for simpler construction. The cutting section should be able to cut the soil as the bottom of the ditch at 35 cm width. The moldboard shaped wing section should be able to lift up and throw the dug up soil to the left and right sides of the ditcher. For the second process, a scraping mechanism is designed, which consists of two main parts: a) scraper blade, and b) motion mechanism for the scraper blade. Since the scraper blade at the right and left sides of the ditcher should scrape up the soil in between the planting ridges and put the soil in the top of the ridges, the motion mechanism should be able to move the scraper blade as required. Furthermore, since the scraper blade should move up and down without using any power resource, the motion is performed by utilizing the ridge profile and a guide wheel which rolls on the ridges and move the scraper blade. The up-down motion of the wheel is utilized and connected to the scraper behind the wheel by a rotating shaft (see Figure 5(b) ). By using the mechanism, the scraper moves up-down simultaneously with the guide wheel. The mechanism was designed by analyzing the motion path of the scraper as resulted by the guide wheel movement, as shown in Figure 7 . Since the required moving amplitude of the scraper is bigger than the wheel amplitude, the four-bar linkage of the scraper should be longer than the four-bar linkage of the wheel. Performance testi ng method A prototype of the ditcher was fabricated based on the design result.
Furthermore, performance tests were conducted at the Experimental Field of Agricultural Engineering Department, IPB and Jatitujuh Sugar Cane Plantation.
Testing plots was prepared at the same condition as the sugar cane planting condition, including similar size of planting furrows. Soil condition on the ridge was measured before the test, comprised soil bulk density, water content, and cone penetration resistance.
The prototype was hitched to a four-wheel tractor and set at a proper operation depth. During the operation, average fonvard speed was measured to get the field capacity of the ditcher. Ditches resulted by the ditcher were observed, and their cross sections dimension were measured using a relief-meter. The profile of planting row was also observed and un-scraped soil on the furrow bottom was measured.
To identify the power required for pulling the ditcher, a set of measurement was eonducted. ln the measurement, the ditcher was hitched to a tractor which was pulled by another tractor (Tractor-1) and a load-eell was set on the steel towing cable between the two tractors to measure the pullforce (Figure g ). The draft force of the ditcher was determined by subtracting pull force in pulling un-worked ditcher from the pull force in pulling the worked ditcher. The prototype of the ditcher was equipped by a pair of soil scrappers. The function of the ditcher is to make the drainage channel, whereas function of the scrapper is to scrap up the soil in between the ridges and put it on the top of the 6dges. Scraping mechanism was driven by a guide wheel that rolled on the ridge's profile. The drive force then was transmitted through a transmission shaft to drive the scrapper. The structure of the scraper ditcher consisted of a frame, a ditcher, and a pair of scrapers. The frame had a triangular shape and equipped with three standardized hitching points. The ditcher had share cutting angle of 70o, 60 cm cutting width, share intersection angle of 15o, and the concaveness radius of the moldboard of 65 cm. The construction of the scraper driver consisted of a pair of guide wheels (41 \Alhereas, the test result at Jatitujuh Sugar Cane Plantation showed that the average length of lower side, upper side and the depth of the ditch were 37.9 cm, 100.2 cm and 38.7 cm respectively (Figure 11) . The cross section and size of the ditch produeed by the ditcher were sufficient for drainage purpose [1, 2] . As observed on the field tests, the scrapper could scrap up the discharged soil and then placed the soil on the ridges. However, there was un-scraped soil in between the ridges which has 6 cm in height (at Experimental Field), and 15.8 cm in height (at Jatitujuh Sugar Cane Plantation).
The draft force of the ditcher operated at Experimental Field was 2.84 kN at the average speed of 0.31 m/s. The average wheel slip of the tractor was 37.60/o. Test result at Jatitujuh Sugar Cane Plantation showed that the average draft was 6.49 kN, which was bigger than that of the Experimental Field. lt was due to the heavier soil of the Jatitujuh Sugar Cane Plantation, and deeper working operation of the ditcher [3] . The soil condition and working condition caused the high draft and forced the tractor to have a high wheel slip. As measured at the test, the average wheel slip was 63.40/o. The average working speed was 0.57 m/s. Actually, this I nte rn ati o n a I Sy m posi u m Ag ri cu lt u ra I E ng i nee i ng T ow a rds
